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Abstract
Background: Insecticide-impregnated bed nets (ITNs) have been shown to be a highly effective tool against malaria in the
endemic regions of sub-Saharan Africa (SSA). There are however different opinions about the role of ITN social marketing and
ITN free distribution in the roll-out of ITN programmes. The objective of this study was to evaluate the effects of free ITN
distribution through antenatal care services in addition to an ITN social marketing programme in an area typical for rural SSA.
Methods: A cluster-randomised controlled ITN trial took place in the whole Kossi Province in north-western Burkina Faso, an
area highly endemic for malaria. Twelve clusters were assigned to long-term ITN (Serena brand) social marketing plus free
ITN (Serena brand) distribution to all pregnant women attending governmental antenatal care services (group A), and 13
clusters to ITN social marketing only (group B). The intervention took place during the rainy season of 2006 and thereafter.
The trial was evaluated through a representative household survey at baseline and after one year. Serena ITN household
ownership was the primary outcome measure.
Findings: A total of 1052 households were visited at baseline in February 2006 and 1050 at follow-up in February 2007.
Overall Serena ITN household ownership increased from 16% to 28% over the study period, with a significantly higher
increase in group A (13% to 35%) than in group B (18% to 23%) (p,0.001).
Interpretation: The free distribution of ITNs to pregnant women through governmental antenatal care services in addition
to ITN social marketing substantially improved ITN household ownership in rural Burkina Faso.
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Introduction
Malaria remains the most important parasitic disease in the
world [1]. Every year, there are some 5 billion clinical episodes
resembling malaria, some 600 million clinical malaria cases and
about 1 million malaria deaths [2]. Most malaria deaths occur in
young children of rural sub-Saharan African (SSA) areas with little
access to health services [3–6]. Early treatment with effective
antimalarial drugs and sustainable vector control methods remain
the main tools for malaria control [1].
Insecticide-treated bed nets (ITNs) as a new tool in malaria
control have received considerable interest over the last two
decades. A number of large-scale randomised controlled trials, in
which children have partly been followed-up for extended periods
of time, have consistently demonstrated a sustainable efficacy of
ITNs in reducing malaria morbidity and mortality over a broad
range of malaria transmission intensities in SSA [7–12]. Moreover,
technical progress has now enabled the development of reliable
long-lasting insecticide-treatment, both for the production of long-
lasting insecticidal nets (LLIN) [13–17] and as impregnation or re-
impregnation with an insecticide formulation [18].
ITNs were already employed on a large-scale since the 1980s in
a number of malaria endemic areas of Asia, where they have
contributed to major successes in malaria control [19]. Today, the
need for a large scale utilisation of ITNs in SSA is well accepted in
the international scientific community [20–24]. A high coverage
with ITNs would also lead to a mass effect on the mosquito
populations similar to what can be achieved through systematic
insecticide spraying programs [25–27]. However, due to major
problems with infrastructure, public service organisation, funds
and leadership, progress in the implementation of ITN programs
in SSA remains slow [28,29].
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discussed; one considers ITNs as a public good that should be
provided free of charge [22]. The other is to strengthen
commercial markets while providing subsidies for the groups most
at risk, such as children and pregnant women [23]. Those in
favour of free ITN distribution support their argumentation by the
evidence from a number of SSA projects and programmes
regarding the feasibility of such an approach, the proof of a
significant community effect in most areas with high ITN
coverage, the reality of a high proportion of SSA populations
being unable to pay for such an intervention, and the hope that
rich countries would sustain their financial commitment for
malaria control in SSA [22]. On the other side, those in favour
of strengthening commercial markets support their argumentation
by the success of a large ITN social marketing programme in rural
Tanzania [30–32], the important role of market involvement in
the success of ITN programmes in Asia, the assumption that free
ITN provision would destroy local commercial markets, and the
uncertainty of a continuous availability of external funds for ITN
programmes [23]. There is, however, considerable agreement in
both groups regarding the need for major donor assistance for
whatever approach [22,23,33]. As an alternative strategy, it has
been proposed to combine free ITN distribution through antenatal
care services with social marketing [34].
This study provides data from a randomized controlled
community intervention on the effects of subsidised ITN
distribution through a social marketing system with or without
free ITN distribution through governmental health services on
ITN ownership and use in Burkina Faso.
Methods
The protocol for this trial and supporting CONSORT checklist
are available as supporting information; see Checklist S1 and
Protocol S1.
Study area
The study took place in Nouna Health District (NHD), which is
equivalent to the Kossi province, in rural north-western Burkina
Faso. The study was implemented through the Centre de Recherche en
Sante ´ de Nouna (CRSN), which is based in Nouna town, the capital
of NHD. By the end of 2006, NHD had a population of 304 150
living in some 300 villages. The Nouna area is a dry orchard
savannah, populated mainly by subsistence farmers of different
ethnic groups. Malaria is holoendemic but highly seasonal, and the
annual Entomological Inoculation Rate (EIR) varies between 100
and 1000 in the different villages [35,36]. The rainy season usually
lasts from June until October.
Formal health services are limited to 24 village-based health
centres and a health centre and hospital in Nouna town (Figure 1).
The village-based health centres are usually staffed by two nurses
and are responsible for a catchment area of between 5 and 23
villages [29]. Malaria control is thus based on home treatment
with locally available drugs, which is mainly chloroquine until
today, despite a recent change of the national guidelines to
artemisinin-based combination therapy (ACT) as first-line drugs
[6,29]. In the recent past, roughly one quarter of young children
were usually protected with untreated bed nets in NHD during
rainy seasons [35,37]. Due to a preceding efficacy trial, ITNs are
already introduced to the 41 villages of the CRSN research area
surrounding Nouna town [12,38]. Moreover, the NGO Popula-
tion Services International (PSI) had sold ITNs since 2002 nearly
exclusively in Nouna town without subsidy for 4250 CFA (6.5
Euro; 1 Euro=650 CFA).
Study design
The study was designed as a community-based cluster-
randomised controlled trial. The district was divided into 24
clusters on the basis of the catchment area of peripheral health
centres and randomised to intervention A (social marketing of
ITNs to the general population plus free distribution of ITNs to
pregnant women attending antenatal care services; 12 clusters) and
intervention B (only social marketing of ITNs to the general
population; 12 clusters). Moreover, one additional cluster
comprising the town of Nouna and neighbouring villages was
pre-assigned to receive intervention B.
Study interventions
With funds from the National Malaria Control Programme and
starting in August 2006, PSI sold highly subsidised ITNs through
village-based shops in the whole of NHD. The branded product is
called Serena, which is a deltamethrin-impregnated white family-
size long-lasting ITN (PermaNet, Vestergaard Frandsen, Den-
mark). Sales were supported by an extended social marketing
campaign, including radio and television messages, poster
exhibition, and community-based information, education, and
communication (IEC) activities. At the beginning of the campaign,
PSI also conducted promotion visits to potential sellers. The aim
was to create demand for the branded product by convincing the
public of its utility and informing shop-keepers of its availability in
the town of Nouna. PSI in fact, sold ITNs exclusively to one
wholesaler in Nouna and directed the single shop-keepers to him
for further purchases. Over the period 8/2006 until 2/2007, a
total of 15.000 ITNs (estimated need for the intervention period)
were made available through PSI for subsidized sale in NHD. The
white family size Serena ITN was sold for 1500 CFA (=2.3 Euro) to
the population.
Also since August 2006 and in parallel to the ITN distribution
through PSI, free distribution of the Serena ITN took place through
health centre-based governmental antenatal care services in the
areas of intervention A. The nurses of the respective health centre
received their ITNs regularly from the District Health Team and
provided them free of charge to all pregnant women attending
antenatal care services and who lived in the defined catchment
area of these health centres. A total of about 3 500 ITNs (estimated
need for the intervention period, based on population size and
birth rates) were distributed through health centres over the period
8/2006 until 2/2007.
Study evaluation
The study was mainly evaluated through two representative
cross-sectional surveys in random samples of NHD households: a
baseline survey in 2/2006 and a follow-up survey in 2/2007. In
addition, a qualitative study on community perceptions regarding
the interventions was conducted in mid-2007 and data on costs
were collected continuously to produce a detailed comparative cost
analysis (these data will be published separately).
The primary outcomes of the study were overall Serena ITN
ownership in households (total number of households with at least
one observed Serena ITN, and total number of observed Serena ITNs).
Secondary outcomes were overall bed net and ITN ownership of
households, total number of bed nets, and bed net use. In order to
demonstrate a 15% difference in ITN household ownership between
intervention A and B and applying the design factor 2 to account for
potential inter-cluster correlation, the required sample size was 500
households per study arm [39]. From each cluster, 20 households
were selected from the village where the health centre is situated and
another 20 households from one randomly chosen villages of the
catchments area of the health centre. Households in respective
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methodology [40]. As we did not aim to provide population-based
ITN ownership estimates, household sampling was not done
proportional-to-size of respective villages. Only in the town of
Nouna, to take into account the much larger population, we
purposely selected 70 instead of 20 households.
Figure 1. Map of the study area in the Nouna Health District. The health-centre defined intervention areas are marked with a red cross
(intervention area A=circles; intervention area B=no circles).
doi:10.1371/journal.pone.0003182.g001
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the Centre de Recherche en Sante ´ de Nouna (CRSN) conducted the
surveys in the selected study villages. The questionnaire, which
was exactly the same across the two years, was pre-tested in two
villages and comprised questions on the socio-demographic
characteristics of the household, on pregnancy, on bed net and
specifically ITN numbers, type and ownership, and on bed net use
during last night and preceding rainy season. The household head
answered all questions on the socio-demographic characteristics of
the household. After his/her permission was obtained, the single
users, or in case of children their main caregiver, were asked
information on bed net ownership, type and use. The following
types of bed nets were encountered: a.) various types of traditional
non-impregnated bed nets, b.) ITNs from an earlier study (green
colour), c) Serena ITNs (white colour, similar for intervention A and
B). Pregnant women themselves answered questions on pregnancy.
Statistical analysis
Field data forms were checked manually by supervisors for
completeness before independent computer entry (Microsoft
ACCESS, version 97) at CRSN. All data were checked for range
and consistency. Any differences were resolved by checking against
the original case record forms.
Descriptive tables are given to present bed net and ITN
ownership by groups of interest. Prevalence in intervention and
control group was always compared with exact Fischer-Test. All
analyses were done with the statistical software package SAS
(version 9.1).
Ethical aspects
Approval was granted by the Ethical Committee of the
Heidelberg University Medical School and the local Ethical
Committee in Burkina Faso. Prior to the study implementation,
the trial was explained in detail to and discussed with all district
authorities and the District Health Team including all nurses of
the NHD, as well as with the project team of PSI. During the two
surveys, oral informed consent was sought from the respective
heads of households and household members who were inter-
viewed.
Role of funding sources
The sponsor of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of the
report. The corresponding author had full access to all data in the
study and had final responsibility for the decision to submit for
publication.
Results
Characteristics of study households and participants
A total of 1052 households (480 group A, 572 group B) were
interviewed during the baseline survey and 1050 households (480
group A, 570 group B) during the follow-up survey. The
demographic and socio-economic characteristics of participating
households are shown in table 1.
The mean number of household members was 9.1 living on
average in three rooms, with about one fifth being children under
the age of five years. There was no statistically significant
difference between group A and B in the number of pregnant
women at baseline (1.6% and 1.8%, p=0.50), but a tendency
towards more pregnant women in group A compared to group B
at follow-up (2.6% vs 2.1%, p=0.11). Overall, very few
households had water pipes or electricity; most of these were
situated in area B which includes Nouna town.
The typical head of household was male, illiterate, monogamous
married, of Bwaba or Marka ethnicity, and of Muslim or Christian
religion. There were some differences in the distribution of
ethnicity, religion and literacy between group A and group B, but
household heads were rather similar with regard to marital status.
Efficacy of the intervention
The effects of the ITN intervention on outcome measures are
given in table 2–5.
Considering only Serena ITNs, household ownership increased
significantly from 16% to 28% over the study period (166/1052 vs.
298/1049, p,0.001). Serena ITN household ownership increased
significantly between baseline and follow-up in the area A (64/480
vs. 167/479, p,0.001) but not in area B (table 2). If the Nouna
cluster was taken out of this analysis, the number of households
reporting the possession of at least one Serena ITN in intervention
area B increased from 75/482 (16%) to 97/482 (20%). This did
not change the statistically significant difference between the
number of households reporting the possession of at least one
Serena ITN in intervention area A compared to B at follow-up
(table 2).
Total household bed net ownership increased significantly from
54% to 60% (572/1052 vs. 626/1049, p,0.001) over the study
period (table 2). At baseline, there were more but not significantly
more households reporting the possession of at least one bed net in
intervention area B compared to A (326/572 vs 246/480); if the
Nouna cluster was taken out of this analysis, these figures changed
to 261/482 vs. 246/480. At follow-up, the number of households
reporting the possession of at least one bed net increased in both
intervention areas, but the increase was only significant in the
intervention area A (246/480 vs. 293/479, p=0.002). If the
Nouna cluster was taken out of this analysis, the number of
households reporting the possession of at least one bed net in
intervention area B increased from 261/482 (54%) to 279/482
(58%), which is not statistically significant.
The overall number of bed nets, ITNs and Serena ITNs
increased in both intervention areas over time, but this was more
marked in intervention area A compared to B. In addition, a
number of ITNs were observed in both intervention areas which
originate from an ITN trial with individual randomisation carried
out since 2002 in 41 villages close to Nouna town [12]. Six clusters
of this study were located in the CRSN ITN study area (three in
area A and B respectively). These ITNs were recognised of being
different from the Serena ITNs both by the interviewers and the
respondents through their different colour (green) and because
they have been distributed a few years earlier through specific field
staff of the CRSN. Considering also these ITNs, the proportion of
bed nets being ITNs reached nearly 50% during the follow-up
(table 3).
The great majority of existing bed nets in households was
bought in shops or at markets, with a significant increase over time
(981/1249 vs. 1033/1408, p=0.002). Some bed nets were
reportedly donated by friends or relatives and some resulted from
an earlier trial with a different type of ITN in a sub-area of NHD.
Free distribution of Serena ITNs through the health centres was
nearly exclusively reported from the area A during the follow-up
survey (table 4).
The number of bed nets reported to have been used to protect
household members in the night before the interview was 393/
1250 (31%) at baseline and increased to 520/1411 (37%) during
follow-up, without major differences between the two intervention
groups. Bed nets were reported to have been used in the last night
by different household members including the head of household,
women, and children, and often by more than one person. The
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follow-up surveys.
Baseline (2/2006) Follow-up (2/2007)
ABp (A vs. B) A B p (A vs. B)
General characteristics
No of HH 480 572 480 570
Median no of rooms (range) 3 (1–28) 3 (1–29) n.s. 3 (1–19) 3 (1–23) n.s.
No HH with electricity (%) 2 (0.4) 23 (4.0) ,0.001 4 (0.8) 31 (5.4) ,0.001
No HH with water pipes (%) 0 (0) 3 (0.5) n.s. 1 (0.2) 0 (0) n.s.
No of inhabitants (mean/HH) 4426 (9.2) 5539 (9.7) n.s. 4103 (8.5) 5027 (8.8) n.s.
No of children,5y s( % ) 830 (18) 1048 (19) n.s. 771 (19) 979 (19) n.s.
No of pregnant women (%) 72 (1.6) 100 (1.8) n.s. 107 (2.6) 105 (2.1) n.s.
Head of HH characteristics
Male (%) 456 (95) 546 (95) n.s. 447 (93) 541 (95) n.s.
Ethnicity (%)
Bwaba 246 (51) 193 (34) ,0.001 250 (52) 200 (35) ,0.001
Marka 132 (28) 170 (30) n.s. 139 (29) 180 (32) n.s.
Mossi 51 (11) 40 (7) 0.047 46 (10) 32 (6) 0.018
Peulh 36 (8) 66 (12) 0.028 37 (8) 68 (12) 0.023
Samo 7 (1) 42 (7) ,0.001 7 (1) 44 (8) ,0.001
Other 7 (1) 61 (11) ,0.001 1 (0.2) 46 (8) ,0.001
Religion (%)
Muslim 195 (41) 332 (58) ,0.001 194 (40) 339 (59) ,0.001
Catholic 149 (31) 149 (26) n.s. 151 (31) 144 (25) 0.028
Protestant 59 (12) 28 (5) ,0.001 57 (12) 32 (6) ,0.001
Animist 73 (15) 62 (11) 0.041 77 (16) 55 (10) 0.002
Other 1 (0.2) 1 (0.2) n.s. 1 (0.2) 0 n.s.
Literacy (%)
Formal school 61 (13) 84 (15) n.s. 70 (15) 94 (16) n.s.
Koran school 47 (10) 84 (15) 0.019 32 (7) 70 (12) 0.002
Alphabetic course 47 (10) 40 (7) n.s. 86 (18) 47 (8) ,0.001
Marital status (%)
Single 8 (2) 3 (1) n.s. 1 (0.2) 5 (1) n.s.
Monogamous marriage 313 (65) 388 (68) n.s. 302 (63) 382 (67) n.s.
Polygamous marriage 125 (26) 142 (25) n.s. 136 (28) 143 (25) n.s.
Divorced 10 (2) 3 (1) 0.026 4 (1) 7 (1) n.s.
Widowed 24 (5) 36 (6) n.s. 37 (8) 33 (6) n.s.
HH=household; No=number; ITN=insecticide-treated bed net; A=intervention A (social marketing program of ITNs+free distribution of ITNs to pregnant women in
health centres); B=intervention B (social marketing program of ITNs); information on ethnicity and religion was missing in a few cases; n.s.=non significant (p,0.05).
doi:10.1371/journal.pone.0003182.t001
Table 2. Effects of the intervention on bed net, ITN and Serena ITN household ownership by study group.
Baseline (2/2006) Follow-up (2/2007)
ABp (A vs. B) A B p (A vs. B)
No of HH with at least one Serena ITN (%) 64/480 (13) 102/572 (18) n.s. 167/479 (35) 131/570 (23) ,0.001
No of HH with at least one Serena ITN (%)* 64/480 (13) 75/482 (16) n.s. 167/479 (35) 97/482 (20) ,0.001
No of HH with at least one ITN (%) 100/480 (21) 143/572 (25) n.s. 207/479 (43) 177/570 (31) ,0.001
No of HH with at least one bed net (%) 246/480 (51) 326/572 (57) n.s. 293/479 (61) 333/570 (58) n.s.
HH=household; No=number; ITN=insecticide-treated bed net; A=intervention A (social marketing program of ITNs+free distribution of ITNs to pregnant women in
health centres); B=intervention B (social marketing program of ITNs);
*Nouna town cluster taken out of the analysis; n.s.=non significant (p,0.05).
doi:10.1371/journal.pone.0003182.t002
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Baseline (2/2006) Follow-up (2/2007)
ABp (A vs. B) A B p (A vs. B)
Total no of bed nets 528 722 636 775
Serena ITNs 99 160 n.s. 249 224 ,0.001
ITNs (earlier study) 56 64 n.s. 59 79 n.s.
Other bed nets 354 466 n.s. 326 465 0.001
Bed net type not clear 14 19 n.s. 1 4 n.s.
Total no of Serena ITNs/total no of bed nets (%) 99/528 (19) 160/722 (22) n.s. 249/636 (39) 224/775 (29) ,0.001
Total no of ITNs/total no of bed nets (%) 155/528 (29) 224/722 (31) n.s. 308/636 (48) 303/775 (39) ,0.001
HH=household; No=number; ITN=insecticide-treated bed net; A=intervention A (social marketing program of ITNs+free distribution of ITNs to pregnant women in
health centres); B=intervention B (social marketing program of ITNs); information on type of bed net was missing in a few cases; n.s.=non significant (p,0.05).
doi:10.1371/journal.pone.0003182.t003
Table 4. Origin of bed nets by study group at baseline and follow-up.
Baseline (2/2006) Follow-up (2/2007)
ABp (A vs. B) A B p (A vs. B)
Bought at shops/markets 393 588 0.003 415 618 ,0.001
Present of family/friend 70 47 ,0.001 43 62 n.s.
Free distribution (earlier study) 64 77 n.s. 71 90 n.s.
Free distribution through ANC 1 0 n.s. 103 3 ,0.001
Selfmade 0 9 0.013 3 0 n.s.
Total no of bed nets 528 721 ,0.001 635 773 ,0.001
HH=household; ANC=antenatal care service in health centre; No=number; ITN=insecticide-treated bed net; A=intervention A (social marketing program of ITNs+free
distribution of ITNs to pregnant women in health centres); B=intervention B (social marketing program of ITNs); information on bed net origin was missing in a few
cases; n.s.=non significant (p,0.05).
doi:10.1371/journal.pone.0003182.t004
Table 5. Bed net use (bed nets are partly used by more than one person) by study group at baseline and follow-up.
Baseline (2/2006) Follow-up (2/2007)
ABp (A vs. B) A B p (A vs. B)
Last night use of bed net (%) 157/528 (30) 236/722 (33) n.s. 214/636 (34) 306/775 (39) 0.027
By head of HH 32 70 52 83
By women 74 116 118 144
By pregnant women 55 1 0 1 4
By young children 75 108 123 145
By other persons 71 89 48 94
Last rainy season bed net use
By head of HH 109 184 149 194
By women 229 311 261 340
By pregnant women 44 44 44 44
By young children 253 292 254 336
By other persons 195 283 144 231
HH=household; No=number; ITN=insecticide-treated bed net; A=intervention A (social marketing program of ITNs+free distribution of ITNs to pregnant women in
health centres); B=intervention B (social marketing program of ITNs); n.s.=non significant (p,0.05).
doi:10.1371/journal.pone.0003182.t005
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household members was much higher during the rainy season
compared to the dry season (table 5). The proportion of Serena
ITNs having been used the night before by pregnant women and/
or children below 5 years was 44/99 (44%) in group A and 59/160
(37%) in group B at baseline and increased to 125/249 (50%) in
group A and 99/224 (44%) in group B at follow-up.
Discussion
This study reports data from a large community-based cluster-
randomised controlled trial on different ITN distribution systems
conducted in a typical province of rural West Africa. The study
area in Burkina Faso is highly endemic for malaria and mainly
populated by farmers living from subsistence agriculture. The
degree of underdevelopment is illustrated by a high illiteracy rate
as well as by a very low rate of electricity and piped water in the
participating households.
The study evaluated the effects of two interventions: social
marketing of ITNs compared to social marketing of ITNs combined
with free distribution of ITNs to all pregnant women attending
antenatal care services in governmental health centres. Social
marketing of the Serena ITNs through PSI took already place in
Burkina Faso since a couple of years but had concentrated so far
mainly on the big cities. The fact, that the ITN social marketing arm
of this study was carried out through PSI, who applied the same
approach that is used in the country already for some time, and that
the ITN free distribution arm was carried out as a national pilot
programme through the District Health Team of NHD, demon-
strates, that the study was implemented under real programme
conditions.
The main finding from the study is an increase of ITN
ownership over time, which is mainly attributed to a significantly
higher increase of Serena ITN ownership in the area where social
marketing and free distribution through health services were
combined compared to the areas with social marketing only. That
this effect is largely due to the free distribution of ITNs is
supported by the steep increase of bed nets obtained from the
governmental antenatal care services over the study period. This
was achieved despite the fact that Serena ITN ownership was higher
at baseline in area B, which is explained by preceding Serena ITN
sales in Nouna town, which belongs to intervention B.
That social marketing also played a role in the observed increasein
bed net and ITN ownership is shown by the significant increase in
bed net purchase over the study period. This phenomenon was
observed in both intervention areas, which provides some evidence
that free ITN distribution does not necessarily interfere with sales.
However, as all Serena ITNs provided for social marketing were made
availably in NHD already at the start of the programme, it is likely
that a high proportion of these ITNs provided to the Nouna
wholesaler were finally sold to other places of Burkina Faso or even to
neighbouring Mali (personal observations). A significant leakage of
highly subsidised ITNs, a product on high demand in many SSA
communities, is not surprising and can be attributed to unsaturated
markets surrounding the intervention province, as also shown in
other SSA countries [41].
The main result from this study thus generally supports the idea
that giving out ITNs through governmental health services free of
charge could be a key component of sustainable ITN distribution
systems in rural SSA [34]. Similar evidence was already reported
fromevaluationsofthe first nationalITN programme inSSA[42,43].
Reported last night use of bed nets was rather low during both
surveys and also in comparison to reported bed net use in the
previous rainy season, which is likely explained by the fact that
both surveys took place in the middle of the dry season. This
supports recent findings of low bed net use outside the rainy season
from an ITN compliance study in young children living in the
same area [38] as well as similar observations from other areas of
SSA [44,45].
Regarding bed net behaviour, the observed increase in use over
the study period in the target groups of pregnant women and
young children is promising, although there may well be ongoing
problems with adults in households not respecting the goal of
preferably protecting the primary malaria risks groups, as it has
also been reported from other SSA countries [46]. Preferential
protection of young children with ITNs in a sub-area of NHD was
already achieved in a large efficacy study, pointing to the effects of
clear instructions to the population [12,38]. Thus, education
campaigns accompanying ITN programmes should further
reinforce the message that pregnant women and young children
are at the highest risk for severe malaria and deaths.
An interesting observation during this study was the tendency of
the number of pregnant women to increase in the area of
intervention A compared to and probably at the expense of area B
over time. However, as there was no corresponding increase in
antenatal care attendance rate of pregnant women in area A
compared to area B (data not shown), this is most likely a chance
finding. The provision of free ITNs through antenatal care services
to all pregnant women would significantly contribute to reductions
in the rates of maternal morbidity, placental malaria and low birth
weight children, and consequently reduce maternal and infant
mortality [47–49]. Given the high coverage in most of SSA,
antenatal care services provide a unique opportunity to reach
these target groups [50]. Moreover, a mutual benefit may occur as
the provision of ITNs through mother and child services is
expected to strengthen these services and to give their counselling
on malaria prevention more credibility. Finally, all newborn
infants would automatically be protected against malaria while
sleeping with their mother under the ITN.
Recently published studies have confirmed the large public
health benefit of ITN programmes in malaria endemic countries.
In Kenya, ITN coverage has increased rapidly from 7% in 2004 to
67% in 2006. This was achieved through a combined approach of
social marketing and mass free distribution and translated into
reductions in childhood mortality comparable with those seen in
efficacy trials [51]. The Kenya experience clearly documented the
importance of free ITN distribution for a rapid achievement of
high and equitable coverage [52]. As a consequence, a new
position statement of the World Health Organisation calls for large
scale free distribution of LLIN in endemic countries through
health services accompanied by other distribution and sensitiza-
tion campaigns [53]. This statement is also supported by the
documented success of ITN distribution integrated with outreach
campaigns (measles and polio immunisation, Vit A and anti-
heminthic medication distribution) in SSA countries such as
Zambia, Togo and Niger [44,45,54].
This study has some limitations. Firstly, although the study
groups were quite comparable with regard to baseline character-
istics, there were also some differences which could have
confounding effects, for example in the distribution of ethnicity
and religion. Moreover, the selection of one of the two villages in
each cluster being the village the health clinic was in, as well as use
of the EPI cluster method for household selection, could have lead
to falsely elevate estimates of coverage. Secondly, the study was not
based on a national programme and this could have influenced the
supposed leakage of Serena ITNs. It is likely that a certain amount
of the ITNs was sold to places outside the study province, as there
was and still is a high demand for subsidised ITNs in Burkina Faso.
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only free ITN distribution through antenatal care services. The
latter option would have meant to exclude a part of the study area
from an established national intervention, posing mayor ethical as
well as operational issues as well creating a very artificial scenario.
Thus, the independent contribution of the different intervention
approaches has not been fully assessed. Finally, the Nouna town
cluster which has been assigned to the social marketing only
intervention could have introduced a bias; thus it was reassuring
that an analysis without the Nouna town cluster has arrived at
rather similar results. However, despite these limitations we believe
that this study provides important findings which help to judge the
comparative benefits of two major ITN distribution channels in
the real world of rural SSA.
In conclusion, the addition of free distribution of ITNs through
ANC services to a social marketing program dramatically
improved ITN ownership in the areas in which it was
implemented. While ITN ownership increased somewhat in the
social marketing only arm, with that rate of rise, it would take
many years to reach the Roll Back Malaria targets. The addition
of free ITN distribution and the added rate of rise may
dramatically decrease the number of years required to reach
global coverage goals and ultimately decrease malaria morbidity
and mortality sooner.
Supporting Information
Checklist S1 CONSORT checklist.
Found at: doi:10.1371/journal.pone.0003182.s001 (0.06 MB
DOC)
Protocol S1 Trial Protocol.
Found at: doi:10.1371/journal.pone.0003182.s002 (0.22 MB
DOC)
Acknowledgments
We are grateful to the reviewers of our manuscript for helpful comments
and suggestions.
Author Contributions
Conceived and designed the experiments: OM MDA HB BK AS AJ.
Performed the experiments: JT CB MY AS. Analyzed the data: OM MDA
HB BK AJ. Contributed reagents/materials/analysis tools: OM. Wrote the
paper: OM MDA HB JT CB MY BK AS AJ.
References
1. Greenwood BM, Bojang K, Whitty CJM, Targett GAT (2005) Malaria. Lancet
365: 1487–1498.
2. Breman JG, Mills A, Snow RW, Mulligan JA, Lengeler C, et al. (2006)
Conquering Malaria. In: Jamison DT, Breman JG, Measham AR, Alleyne G,
Claeson M, et al. eds. Disease Control Priorities in developing Countries.
3. WHO (1997) World malaria situation in 1994. Weekly Epidemiological Record
72: 269–292.
4. Greenwood B, Bradley A, Greenwood A, Byass P, Jammeh K, et al. (1987)
Mortality and morbidity from malaria among children in a rural area of The
Gambia. Trans R Soc Trop Med Hyg 81: 478–486.
5. Snow RW, Craig M, Deichmann U, Marsh K (1999) Estimating mortality,
morbidity and disability due to malaria among Africa’s non-pregnant
population. Bull World Health Organ 77: 624–640.
6. Mu ¨ller O, Traore ´ C, Kouyate ´ B, Becher H (2003) Malaria morbidity, treatment
seeking behaviour, and mortality in a cohort of young children in rural Burkina
Faso. Trop Med Int Health 8: 290–296.
7. Binka FN, Hodgson A, Adjuik M, Smith T (2002) Mortality in a seven-and-a-
half-year follow-up of a trial of insecticide-treated mosquito nets in Ghana.
Trans R Soc Trop Med Hyg 96: 597–599.
8. Phillips-Howard PA, Nahlen BL, Kolczak MS, Hightower AW, ter Kuile FO, et
al. (2003) Efficacy of permethrin-treated bed nets in the prevention of mortality
in young children in an area of high perennial malaria. Am J Trop Med Hyg
68(supplement): 23–29.
9. Diallo DA, Cousens SN, Cuzin-Quattara N, Nebie I, Ilboudo-Sanogo E, et al.
(2004) Child mortality in a West African population protected with insecticide-
treated curtains for aperiod of up to 6 years. Bull World Health Organ 82:
85–91.
10. Lindblade KA, Eisele TP, Gimnig JE, Alaii JA, Odhiambo F, et al. (2004)
Sustainability of reductions in malaria transmission and infant mortality in
western Kenya with use of ITNs. JAMA 291: 2571–2580.
11. Lengeler C (2004) Insecticide treated bed nets and curtains for preventing
malaria (Cochrane Review). In: The Cochrane Library. Oxford: Update
Software.
12. Mu ¨ller O, Traore ´ C, Kouyate ´B ,Y e ´ Y, Frey C, et al. (2006) Effects of
insecticide-treated bed net protection during early infancy in an African area of
intense malaria transmission: randomized controlled trial. Bull World Health
Organ 84: 120–126.
13. Gonzales JO, Kroeger A, Avina AI, Pabon E (2002) Wash resistance of
insecticide-treated materials. Trans R Soc Trop Med Hyg 96: 370–375.
14. Kro ¨ger A, Skovmand O, Phan QC, Boewono DT (2004) Combined field and
laboratory evaluation of a long-term impregnated bednet, PermaNet.
Trans R Soc Trop Med Hyg 98: 152–155.
15. Lindblade KA, Dotson E, Hawley WA, Bayoh N, Williamson J, et al. (2005)
Evaluation of long-lasting insecticidal nets after 2 years of household use. Trop
Med Int Health 10: 1141–50.
16. Gimnig JE, Lindblade KA, Mount DL, Atieli FK, Crawford S, et al. (2005)
Laboratory wash resistance of long-lasting insecticidal nets. Trop Med Int
Health 10: 1022–1029.
17. Dabire ´ RK, Diabate ´ A, Baldet T, Pare ´-Toe ´ L, Guigemde ´ RT, et al. (2006)
Personal protection of long-lasting ITNs in areas of Anopheles gambiae s.s.
resistance to pyrethroids. Malaria Journal 5: 12.
18. Yates A, N’Guessan R, Kaur H, Akogbe ´to M, Rowland M (2005) Evaluation of
KO-Tab 1-2-3H: a wash-resistant ‘dip-it-yourself’ insecticide formulation for
long-lasting treatment of mosquito nets. Malaria Journal 4: 52.
19. Hung LQ, de Vries PJ, Giao PT, Nam NV, Binh TQ, et al. (2002) Control of
malaria: a successful experience from Viet Nam. Bull World Health Organ 80:
660–666.
20. Whitty CJM, Rowland M, Sanderson F, Mutabingwa TK (2002) Science,
medicine, and the future–Malaria. BMJ 325: 1221–1224.
21. World Health Organisation (2002) Scaling-up insecticide-treated netting
programmes in Africa. WHO Geneva: WHO/CDS/RBM/2002.43.
22. Curtis C, Maxwell C, Lemnge M, Kilama WL, Steketee RW, et al. (2003)
Scaling-up coverage with insecticide-treated nets against malaria in Africa: who
should pay? Lancet Infect Dis 3: 304–307.
23. Lines J, Lengeler C, Cham K, de Savigny D, Chimumbwa J, et al. (2003)
Scaling-up and sustaining ITN coverage in Africa. Lancet Infect Dis 3: 466.
24. Hawley WA, Ter Kuile FO, Steketeee RS, Nahlen BL, Terluow DJ, et al. (2003)
Implications of the western Kenya permethrin-treated bed net study for policy,
program implementation, and future research. Am J Trop Med Hyg
68(supplement): 168–173.
25. Binka FN, Indome F, Smith T (1998) Impact of spatial distribution of
permethrin-impregnated bed nets on child mortality in rural Northern Ghana.
Am J Trop Med Hyg 59: 80–85.
26. Ilboudo-Sanogo E, Cuzin-Ouattara N, Diallo DA, Cousens SN, Esposito F, et
al. (2001) Insecticide-treated materials, mosquito adaptation and mass effect:
entomological observations after five years of vector control in Burkina Faso.
Trans R Soc Trop Med Hyg 95: 353–360.
27. Maxwell CA, Msuya E, Sudi M, Njunwa KJ, Carneiro IA, et al. (2002) Effect of
community-wide use of insecticide-treated nets for 3–4 years on malaria
morbidity in Tanzania. Trop Med Int Health 7: 1003–1008.
28. Victora CG, Hanson K, Bryce J, Vaughan P (2004) Achieving universal
coverage with health interventions. Lancet 364: 1541–1548.
29. Kouyate ´ B, Sie A, Ye ´ M, De Allegri M, Mu ¨ller O (2007) The great failure of
malaria control in Africa: a district perspective from Burkina Faso. PLoS
medicine 4(6): e127.
30. Armstrong-Schellenberg J, Abdulla S, Minja H, Nathan R, Mukasa O, et al.
(1999) KINET: a social marketing programme of treated nets and net treatment
for malaria control in Tanzania, with evaluation of child health and long-term
survival. Trans R Soc Trop Med Hyg 93: 225–231.
31. Hansen K, Kikumbih N, Armstrong-Schellenberg J, Mponda H, Nathan R, et
al. (2003) Cost-effectiveness of social marketing of insecticide-treated mosquito
nets for malaria control in the United Republic of Tanzania. Bull World Health
Organ 81: 269–276.
32. Mushi AK, Armstrong Schellenberg JRM, Mponda H, Lengeler C (2003)
Targeted subsidy for malaria control with treated nets using a discount voucher
system in Tansania. Health Pol Plan 18: 163–171.
33. Feachem RGA, Sabot OJ (2007) Global malaria control in the 21
st century.
JAMA 297: 2281–2284.
34. Mu ¨ller O, Jahn A (2003) Editorial: Expanding insecticide-treated mosquito net
coverage in Africa: tradeoffs between public and commercial strategies. Trop
Med Int Health 8: 853–856.
35. Mu ¨ller O, Becher H, van Zweeden AB, Ye Y, Diallo DA, et al. (2001) Effect of
zinc supplementation on malaria and other causes of morbidity in Westafrican
Malaria Control in Africa
PLoS ONE | www.plosone.org 8 September 2008 | Volume 3 | Issue 9 | e3182children: randomized double-blind placebo-controlled trial. BMJ 322:
1567–1572.
36. Traore ´ C (2003) Epidemiology of malaria in a holoendemic area of rural
Burkina Faso. Doctoral Thesis, Ruprecht-Karls-University Heidelberg.
37. Okrah J, Traore ´ C, Pale ´ A, Sommerfeld J, Mu ¨ller O (2002) Community factors
associated with malaria prevention by mosquito nets: an exploratory study in
rural Burkina Faso. Trop Med Int Health 7: 240–248.
38. Frey C, Traore ´ C, De Allegri M, Kouyate ´B ,M u ¨ller O (2006) Compliance of
young children with ITN protection in rural Burkina Faso. Malaria Journal 5:
69.
39. Donner A, Klar N (2000) Design and analysis of cluster randomized trials in
health research. London: Arnold.
40. Milligan P, Njie A, Bennett S (2004) Comparison of two cluster sampling
methods for health surveys in developing countries. Int J Epidem 33: 496–476.
41. Van Bortel W, Barutwanayo M, Delacollette C, Coosemans M (1996)
Motivation a ` l’ acquisition des moustiquaires impregne ´es dans une zone a `
paludisme stable au Burundi. Trop Med Int Health 1: 71–80.
42. D’Alessandro U, Olaleye B, McGuire W, Langerock P, Bennett S, et al. (1995)
Mortality and morbidity from malaria in Gambian children after an
impregnated bed net programme. Lancet 345: 479–483.
43. Mu ¨ller O, Cham K, Jaffar S, Greenwood B (1997) The Gambian National
Impregnated Bednet Programme - evaluation of the 1994 cost recovery trial. Soc
Sci Med 44: 1903–1909.
44. Centers for Disease Control and Prevention (2005a) Distribution of insecticide-
treated bednets during an integrated nationwide immunization campaign–Togo,
West Africa, December 2004. MMWR 54: 994–996.
45. Centers for Disease Control and Prevention (2005b) Distribution of insecticide-
treated bednets during a polio immunization campaign–Niger, 2005. MMWR
55: 913–916.
46. Zimicki S (1996) Promotion in Sub-Saharan Africa. In: Lengeler C, Cattani J, de
Savigny D, eds. Net Gain. A new method for preventiong malaria deaths.
Geneva: World Health Organization. pp 111–148.
47. Dolan G, Ter Kuile FO, Jacoutot V, White NJ, Luxemburger C, et al. (1993)
Bed nets for the prevention of malaria and anaemia in pregnancy. Trans R Soc
Trop Med Hyg 87: 620–626.
48. D’Alessandro U, Langerock P, Bennett S, Francis N, Cham K, et al. (1996) The
impact of a national impregnated bed net programme on the outcome of
pregnancy in primigravidae in The Gambia. Trans R Soc Trop Med Hyg 90:
487–492.
49. Ter Kuile FO, Terlouw DJ, Phillips-Howard PA, Hawley WA, Friedmann JF, et
al. (2003) Reduction of malaria during pregnancy by permethrin-treated bed
nets in an area of intense perennial malaria transmission in western Kenya.
Am J Trop Med Hyg 68(supplement): 50–60.
50. Hamel MJ, Odhacha A, Roberts JM, Deming MS (2001) Malaria control in
Bungoma District, Kenya: a survey of home treatment of children with fever,
bednet use and attendance at antenatal clinics. Bull World Health Organ 79:
1014–1023.
51. Fegan GW, Noor AM, Akhwale WS, Cousens S, Snow RW (2007) Effect of
expanded insecticide-treated bednet coverage on child survival in rural Kenya: a
longitudinal study. Lancet 370: 1035–1039.
52. Noor AM, Amin AA, Akhwale WS, Snow RW (2007) Increasing coverage and
decreasing inequity in ITN use among rural Kenyan children. PLoS medicine 4:
e255.
53. World Health Organisation (2007) Insecticide-treated mosquito nets: a WHO
position statement. Global Malaria programme, WHO Geneva.
54. Grabowsky M, Farell N, Hawley W, Chimumbwa J, Hoyer S, et al. (2005)
Integrating insecticide-treated bednets into a measles vaccination campaign
achieves high, rapid and equitable coverage with direct and voucher-based
methods. Trop Med Int Health 10: 1151–1160.
Malaria Control in Africa
PLoS ONE | www.plosone.org 9 September 2008 | Volume 3 | Issue 9 | e3182